Abstract Urban populations disproportionately experience poor sexual outcomes, including high rates of teenage pregnancy and sexually transmitted infections. However, the contribution of substance use across adolescence to poor sexual outcomes in young adulthood has not been investigated in depth, despite offering opportunities for more targeted prevention. This study aimed to estimate joint trajectories of adolescent alcohol and marijuana use to determine if they relate differently to four sexual outcomes: multiple sexual partners, sex without a condom, teenage pregnancy, and contraction of a sexually transmitted infection in young adulthood (by age 25). Data came from a longitudinal study of urban youth followed from age 6 to age 25, with annual assessments during adolescence and young adulthood (n = 608). The sample showed high levels of sexual risk, with young adults on average having sex without a condom once in the past month, 28.5% having multiple sexual partners in the past month, one quarter having contracted a sexually transmitted infection, and over 60% of the women being pregnant as a teenager and 36% of the men having gotten a partner pregnant. Applying longitudinal latent profile analysis to estimate joint trajectories of alcohol and marijuana use from grades 8-12, we identified four classes representing high dual use, moderate alcohol use, moderate alcohol use with increasing marijuana use, and nonuse. Class membership differently predicted all four outcomes investigated with high dual users having the highest level of teenage pregnancy and the increasing marijuana trajectory having the highest risk of engaging with multiple sexual partners in the past month. Results suggest implications for both sexual risk and substance use prevention for urban youth.
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Background
African Americans disproportionately experience negative sexual outcomes, particularly in young adulthood. They suffer from high rates of HIV/AIDS and other sexually transmitted infections (STIs) and disproportionately experience teenage pregnancies [5, 39, 50] . The morbidity and mortality associated with early parenting and STIs contribute greatly to racial disparities in health [10, 16, 17, 39] .
Those in urban centers are especially at risk of negative sexual outcomes for multiple reasons, including greater exposure to STIs [1, 39] . Among urban youth, teenage pregnancy is more normative due to its higher rates [28] . These negative outcomes are further compounded in metropolitan areas by elevated rates of poverty, incarceration, dense sexual networks, discrimination, racial segregation, and lack of health insurance and regular sources of care [1, 9, 22, 50] .
Numerous studies have examined the contribution of substance use to sexual health and have shown eventlevel causal effects as a result of impaired decisionmaking and disinhibition [33, 40, 42] . The research base has often focused on a single substance, typically alcohol, or substance use in general with little attention to common patterns of substance use among youth. Studies have shown that immediately after consuming alcohol, the likelihood of risky sexual activity increases, as alcohol is thought to decrease an individual's ability to consider negative consequences [56] . Adolescent drinkers have been found to be more likely to report multiple sexual partners, inconsistent condom use, sexually transmitted infections, and unplanned pregnancy [8, 12, 34] .
Studies have also demonstrated a longer-term association [46, 49] . For example, Stueve and O'Donnell [47] in a study of urban minority adolescents found that early adolescent drinking was associated with midadolescent sexual risk-taking. Those who initiated alcohol use by seventh grade were more likely to engage in unprotected sexual intercourse, have multiple sexual partners, be intoxicated or high during sexual intercourse, and become pregnant through mid-adolescence. Strachman and colleagues, [46] in a sample of Midwestern youth, demonstrated an association between early drinking and number of sexual partners 10 years later. These longitudinal associations suggest that early substance use may set an individual on a trajectory of disadvantage. In line with the life course perspective's notion of cumulative disadvantage, [11, 14, 15] early substance use, particularly heavy use, can accentuate existing adversities and lead to hardship that accumulates over time. Thus, for at-risk urban youth, significant involvement with alcohol and marijuana may have broad, long-lasting consequences.
Early substance use has been shown to interfere with cognitive and social development, which may explain the later impact on sexual risk behavior [38, 53] .
Alcohol and marijuana use also exposes adolescents to different social and sexual norms and networks, which may be particularly risky [18, 51] . The impact of these networks on sexual health outcomes may be especially salient in socially disadvantaged communities where there are fewer available male partners resulting from high mortality and incarceration rates [19] .
Despite an increasing prevalence of marijuana use among Black youth that is not seen among White youth, [26, 32] the empirical base linking marijuana use with sexual risk behaviors and outcomes over time has not been studied as extensively as alcohol. Recent work suggests that marijuana too is associated with later sexual risk behaviors and outcomes, including inconsistent condom use, multiple sexual partners, and STI diagnoses [6, 7, 21] . The limited knowledge base shows inconsistent findings, particularly among Blacks, perhaps because marijuana's interrelationship with alcohol is rarely considered. For example, Berger et al. [6] analyzed data from two waves of the National Longitudinal Study of Adolescent Health and found a consistent association between adolescent marijuana use and later self-reported STI risk among Whites but a weaker and non-significant association among Blacks.
Recently, researchers have begun to consider both marijuana and alcohol use's association with sexual risk, estimating and reporting their individual contribution; however, these studies have concentrated on short-term effects and more advantaged populations (e.g., college students) [29, 41, 54] , with less attention to urban adolescents, long-term effects, or joint patterns of use. Co-use may be particularly important to consider as use of alcohol together with marijuana may have a multiplicative effect on elevating risk [35, 48] . Guo et al., [21] in one of the few longitudinal studies of urban youth, provide insight into the association of separate trajectories of alcohol and marijuana with sexual risk outcomes. Analyzing data from a prospective cohort study, Guo et al. identified how four trajectories of adolescent marijuana use and four distinct trajectories of adolescent binge drinking predicted sexual risk behavior at age 21. They found early binge-drinking trajectories were related to the number of sexual partners at age 21 after controlling for marijuana use while adolescent marijuana use trajectories were significantly associated with both the number of sexual partners and inconsistent condoms use at age 21 after controlling for binge drinking. This finding suggests independent contributions of alcohol and marijuana patterns over time, but did not test joint effects.
Swartzendruber et al., [48] in a rare examination of the interaction of alcohol and marijuana use, demonstrated the additional risk of co-use of alcohol and marijuana. In a sample of African American female adolescents, they found that those who used both alcohol and marijuana had an increased risk of pregnancy 18 months later compared to those who used marijuana or alcohol alone. Further, those who used both alcohol and marijuana also had an increased risk of acquiring a STI compared to those who used marijuana only.
Despite the demonstrated association between substance use and later sexual risk behavior for youth, significant gaps remain. For one, our understanding of the association of adolescent substance use and sexual risk behavior is less extensive for urban minority youth, who have disproportionately negative sexual outcomes. Second, much of our understanding relies on crosssectional studies, or those that follow individuals over a relatively short portion of the life course. Identifying patterns of substance use across adolescence, and their association with later sexual risk behaviors and outcomes would allow for a more complete understanding of the developmental process by which substance use trajectories contributes to sexual risk, and this information is critical for prevention efforts. Third, much of this research has focused on a single substance (e.g., alcohol) or substance use in general and not considered patterns of dual use, despite alcohol and marijuana being commonly used together, and previous work suggesting patterns of dual use relate differentially to long-term outcomes [20, 48] . Fourth, in estimating long-term associations, studies have struggled to adequately take selection effects into account.
To address these gaps, the purpose of the current study is to identify the developmental relationship between patterns of alcohol and marijuana use during adolescence and sexual risk behaviors and outcomes in young adulthood among a sample of predominantly Black urban youth followed prospectively from ages 6 to 25. We test whether joint patterns of alcohol and marijuana use during grades 8 to 12 relate to four distinct outcomes: multiple sexual partners, inconsistent condom use, sexually transmitted infections, and teenage pregnancy, after taking into account early risk factors. We hypothesize that all substance use trajectories have worse sexual outcomes compared to nonuse with dual use and increasing patterns having the worst outcomes. We explore whether classes with marijuana use have worse outcomes than classes with alcohol only as our previous work with this cohort found marijuana combined with alcohol to be associated with worse substance use and crime outcomes than alcohol alone [20] .
Methods

Sample
This study utilized data from an intervention trial that began in 1993 in an effort to improve academic performance and decrease aggressive behavior among children. (For more information on intervention effects, see [23, 24, 36, 55] ). The initial sample of 678 children was representative of students entering first grade in one of nine Baltimore City public schools in the fall of 1993. Three classrooms in each of the nine schools were randomly assigned to one of the intervention conditions, and teachers and students were randomly assigned to classrooms. Youth were followed-up mostly annually until age 25; youth were not assessed in grades 3 and 4.
The analytic sample for the current study included 608 of the 678 children (90%) who had sufficient data over time for analysis. Both intervention and control students are included in the analysis. These individuals had (1) first grade teacher ratings of behaviors and academic achievement, (2) at least one annual report of past year frequency of marijuana and alcohol use during grades 8-12, and (3) at least one assessment of outcomes during the 7-year period following high school (approximately ages [19] [20] [21] [22] [23] [24] [25] . Most of the sample (65.5%) participated in all five annual assessments in grades 8-12, whereas 63.5% participated in all seven assessments post high school graduation. Participants in the analytic sample (n = 608) did not differ from those excluded (n = 70) in terms of gender, intervention status, free or reduced-price school meals, or age in first grade.
The sample was relatively evenly split by gender (46.3% female), and the vast majority were Black (87.4%). Most (70.1%) were low income, as evidenced by receiving free or reduced price meals in first grade. This research was approved by the Institutional Review Board of the Johns Hopkins Bloomberg School of Public Health. Prior to age 18, signed consent was obtained from parents, while youth provided assent. After age 17, signed consent was obtained from each participant for each interview.
Measures
Adolescent substance use: Substance use data were collected using an audio-computer assisted interview in an effort to reduce social desirability bias and increase accuracy. Substance use was measured using items adapted from the Monitoring the Future survey [27] . Past-year frequency of use of alcohol and marijuana for grades 8-12 was collected on a 7-point scale (0 = none, 1 = once, 2 = twice, 3 = 3-4 times, 4 = 5-9 times, 5 = 10-19 times, 6 = 20-39 times, 7 = 40 or more times).
Sex without a condom: At each of the age 19-25 interviews, participants were asked how often in the past month, they had had sex without a condom. A mean was calculated across the interviews.
Multiple sexual partners: In each interview posthigh school, participants reported on their number of sexual partners in the past month, including main partners, one time partners, acquaintance partners, friend partners, and unknown partners. These items were summed to create an overall total number of partners for each past month period. Those with any values greater than 1 were considered to have multiple sexual partners.
Sexually transmitted infections: Participants also reported any lifetime sexually transmitted infections (STIs). Any yes response between ages 19 and 25 was coded as having had a sexually transmitted infection post-high school.
Teenage pregnancies: Teenage pregnancies were based on a single question asked annually asking the participant's age the first time they got someone pregnant or became pregnant. Ages less than 20 were considered a teen pregnancy.
Covariates: Models included gender, race, intervention status, free/reduced price meal status (an indicator of family economic status), and four teacher ratings of student academic performance and behavior in first grade based on the Teacher Observation of Classroom Adaptation Scale (TOCA-R, [57] ). Academic progress was based on a single item in which first grade teachers rated students on a 6-point scale (1-6) with higher scores indicating better performance. Aggressive/ disruptive behavior, attention/concentration problems, and hyperactivity were based on multiple questions and measured on the same 6-point scale with lower scored indicating better adaptation. The coefficient alphas for the three TOCA-R subscales included were 0.108 (aggressive/disruptive behavior), 0.97 (attention/ concentration problems), and 0.80 (hyperactivity).
Analysis
First, we conducted a longitudinal latent profile analysis to model the joint frequency of alcohol and marijuana use from grades 8 to 12 using Mplus Version 7.11 [37] Table 1 ). A four-class solution was chosen based on the BIC and the Lo-Mendell-Rubin test, as well as class size and interpretability. This resulted in a "Non-Use" class (45.3%), a "Moderate Alcohol" class (29.4%), a "Moderate Alcohol/Increasing Marijuana" class (13.0%), and a "High Dual Use" class (12.3%) as shown in Fig. 1 . The "Non-Use" class had little use of alcohol or marijuana from grades 8 to 12; the "Moderate Alcohol" class had moderate and increasing levels of alcohol use, and little to no marijuana use during this time. The "Moderate Alcohol/Increasing Marijuana" class had increasing levels of marijuana use across grades 10 through 12 and similar levels of alcohol to the "Moderate Alcohol" class. The "High Dual Use" class showed high levels of alcohol and marijuana use across high school.
This model was run without covariates in order to obtain the BCH weights that are used in the second step (i.e., models with distal outcomes and covariates); this weighted multiple group model avoids the class shifting that can occur in other three-step approaches [3, 4, 52] . These weights reflect the measurement error in the latent class variable, which leads to a significant reduction in bias as compared to hard classification approaches. This approach is the gold standard, performing particularly well when the variance of the auxiliary variable differs significantly across classes [3] .
In a second model, utilizing the BCH weights, we tested for overall differences in the prevalence of distal outcomes across the alcohol and marijuana classes using a Wald Test and based pairwise comparisons on z-tests. These models control for the influence of covariates on both the latent class variable and also the outcomes of interest. The full information maximum likelihood estimation as implemented in Mplus 7.11 was used to adjust parameter estimates of to reflect missingness. This missing data approach is considered the appropriate method for handling data that can reasonably be assumed to be missing at random. Models were initially run separately for men and women in order to explore gender moderation. The final model included both genders, with gender as a covariate as no appreciable gender differences were observed in the association between latent class membership and distal outcomes when analyzed separately for men and women, which is consistent with previous work [13] . Table 2 on average women had sex without a condom once during the past month (ages 18-25), while men engaged in condomless sex less often. Over 32% of the men and 24% of the women reported having multiple sexual partners in the past month during this young adult period. Over one third of women had contracted a sexually Developmental Patterns of Adolescent Marijuana and Alcoholtransmitted infection by age 25 compared with 16.8% of the men. Teenage pregnancy was high with over 61% of the women having become pregnant by age 19, and 36% of the men having impregnated a woman by age 19. Table 3 describes the classes on background variables. The "Moderate Alcohol/Increasing Marijuana" class is comprised of a greater percentage of boys (75.1%) compared to the others classes, which range from 46.0-51.4% male. The "High Dual Use" class has the lowest percentage of black youth (78.3%) and the greatest percentage of youth receiving free/reduced priced school meals (77.9%). Teacher ratings of behavior and academic performance are similar across the developmental trajectories of alcohol and marijuana use.
Results
As shown in
Next, as shown in Table 4 , we examined the association of the latent classes of adolescent alcohol and marijuana use with sexual risk outcomes. The overall chi-square indicated a statistically significant difference in mean past month frequency of sex without a condom across alcohol/marijuana classes (χ 2 = 16.815, p = 0.0008). The "Moderate Alcohol/ Increasing Marijuana" (1.24) and the "Moderate Alcohol" (1.16) classes were significantly higher than the "Non-Use" Class (0.81).
Similarly, having multiple sexual partners in the past month significantly differed across the four latent classes (χ 2 = 18.388, p = 0.0004). A lower percentage of the "Non-Use" class had sexual relationships with multiple partners in the past month than all three substance-using classes. That is, an estimated 20% of the "Non-Use" class had multiple sexual partners compared to 39% of the "High Dual Use" class, 46% of the "Moderate Alcohol/Increasing Marijuana" class, and 29% of the "Moderate Alcohol" class. Further, a greater percentage of the "Moderate Alcohol/Increasing Marijuana" class had multiple sexual partners in the past month compared to the "Moderate Alcohol" class (46 vs. 29%, p = .070).
The statistically significant overall chi-square also indicated differences across the substance use latent classes for sexually transmitted infections (χ 2 = 20.267, p = 0.0001), with the "Non-Use" class having significantly less STIs than all three substance use classes. Specifically, an estimated 30% of participants in the "High Dual Use" class, 24% of participants in the "Moderate Alcohol/Increasing Marijuana" class and 22% of participants in the "Moderate Alcohol" class had a sexually transmitted infection between ages 19 and 25 compared to 11% of participants in the "NonUse" class. Finally, teenage pregnancy also differed significantly across the latent classes (χ 2 = 35.153 p = 0.001) with all three substance use classes having higher levels of teenage pregnancy than the "Non-Use" class. In particular, an estimated 71% of the "High Dual Use" class, 55% of the "Moderate Alcohol/Increasing Marijuana" class, and 53% of the "Moderate Alcohol" class became pregnant as a teenager compared to an estimated 36% of the "Non-Use" class. Teenage pregnancy in the "High Dual Use" class was also significantly higher than in the "Moderate Alcohol" class.
Discussion
Previous studies have demonstrated a link between adolescent substance use and sexual risk behavior; however, few studies have focused on the dual use of alcohol and marijuana over time, estimated associations prospectively over a significant proportion of the life course in an urban sample or compared a variety of sexual risk outcomes, all the while controlling for earlier risk factors. Examining the association of four young adult sexual risk behaviors/outcomes with various patterns of adolescent marijuana and alcohol use among a predominantly Black, urban sample of youth, we found high levels of sexual risk behaviors compared to national statistics [31, 44] . Participants, on average, engaged in sex without a condom monthly from ages 18-25; 28.5% had multiple sexual partners in the past month during this young adult time period. Over one quarter had a sexually transmitted infection by age 25 and almost half had been pregnant or had gotten someone pregnant as a teenager. These pregnancy levels in this urban sample, in particular, are markedly higher than those found nationally and point out the urgency of preventive interventions with at-risk urban populations. National data estimate teenage pregnancy rates at about 5.7% among Note: Models adjust for gender, intervention status, free/reduced price lunch, as well as academic performance, aggressive/disruptive behavior, attention/concentration problems, shy behavior, impulsivity, hyperactivity, and likeability/rejection as rated by first grade teachers girls, [31] while the level in this sample was 60.7%. Clearly, regardless of substance use patterns, all at-risk urban youth would benefit from preventive interventions that focus on sexual risk behaviors. As hypothesized, for just about all comparisons, the three substance use classes had poorer outcomes than the non-use class, including engaging in sex without a condom more frequently, having 1.5-2 times higher level of multiple sexual partners, two to three times the level of sexually transmitted infection, and higher levels of teenage pregnancy. Thus, developmental trajectories involving substance use across adolescence in general seem to be associated with differential sexual risk among urban young adults, consistent with previous work identifying longitudinal associations between adolescent substance use and later sexual outcomes [13, 21, 30, 46] .
Our analyses, though, also allowed for a more nuanced look at specific dual use patterns that differentiated risk. One unique finding is that the "Moderate Alcohol/Increasing Marijuana" class was almost twice likely as the "Moderate Alcohol" class to report having multiple sexual partners in the past month during at least one of their young adult interviews. These classes are comparable on alcohol use across adolescents but differ on marijuana use with the "Moderate Alcohol/ Increasing Marijuana" use class showing rapid increases from grades 10 to 11 and significant marijuana involvement in grades 11 and 12, suggesting a potential role of escalating marijuana use in uniquely increasing risk for sex with multiple partners. Similar results were found by Lowry and colleagues [33] in a nationally representative cross-sectional sample whereby high school students who used marijuana were four times more likely to report having four or more sexual partners compared to those who reported only alcohol or tobacco use in adjusted analyses. The mechanisms by which youth who use marijuana may have a greater risk of engaging in sex with multiple partners clearly needs further exploration and may have to do with unconventional attitudes, sensation seeking, social and sexual norms among urban marijuana using youth, or marijuana related sexual expectancies related to long-term use. More research is needed, in particular, to understand the characteristics of drug-using networks to better understand their potential role in elevated sexual risks, as these may be particularly relevant for Black adults [6] .
Early, heavy dual use of marijuana and alcohol was associated with teenage pregnancy with an estimated 71% of those in the "High Dual Use" class either becoming pregnant (females) or impregnating a partner (males) compared to 55% of those in the "Moderate Alcohol/Increasing Marijuana" class and 53% of those in the "Moderate Alcohol" class. Nationally, SalasWright and colleagues [43] showed that pregnant teens were significantly more likely than non-pregnant adolescents to have met criteria for alcohol and cannabis disorders, which is often a result of heavier use. Their work suggests that substance use often continues during pregnancy; those findings combined with our findings of particularly high rates of pregnancy among alcohol and marijuana using youth suggest that importance of screening and joint intervention efforts that focus both on substance use and pregnancy prevention. Future research is needed to tease out potential reciprocal relationships, as substance use may contribute to and result from teenage pregnancies. In this study, the substance use trajectories and teenage pregnancy overlapped in time.
While the study had multiple strengths (e.g., longitudinal study spanning 20 years with annual assessments, a representative urban sample, focus on frequency of alcohol and marijuana, consideration of dual use patterns, examination of multiple sexual risk outcomes), a number of limitations are worth reviewing. For one, this is an observational study so causal conclusions are inappropriate; the causal nature of these associations require further study. Second, while this sample represented students entering Baltimore public schools in the fall of 1993, it is unclear how well these findings translate to other urban settings or more contemporary cohorts. Finally, because both substance use frequency and sexual risk outcomes were self-reported, we may have underestimated prevalence and associations.
Overall, findings suggest that specific patterns of alcohol and marijuana use during adolescence are associated with a higher risk of sexual risk behaviors and adverse sexual outcomes in young adulthood, including having sex without a condom, engaging in sex with multiple partners, and contracting a sexually transmitted infection post-high school compared to a nonuser class. These associations extend from adolescence into young adulthood, suggesting that developmental trajectories of substance use may impact poor sexual outcomes over time. We also found more serious substance use patterns among girls who became pregnant or boys who got a partner pregnant as a teenager.
Singer [45] describes substance abuse and sexually transmitted infections as "closely linked" and "interdependent threats to health and well being" that "constitute a major syndemic that already has taken a devastating toll on the lives of the urban poor" (p. 99). Thus, it is critical to reduce this link and provide prevention intervention for those urban youth at greatest risk of poor outcomes in adulthood. If associations prove to be causally related, substance use prevention efforts have the potential to decrease the burden of teenage parenting and sexually transmitted infections in at-risk urban communities. Therefore, it is important that substance use prevention programs monitor their impact on sexual risk behavior as Jackson and colleagues [25] found that few interventions have evaluated their impact on both substance use and sexual risk behavior.
Because of the strong link between substance use trajectory and a variety of sexual risk, a broader focus on shared risk and protective factors and joint programming is clearly needed. This study provides evidence that interventions for urban youth aimed at reducing sexual risk behaviors and outcomes clearly should consider the various patterns of adolescent alcohol and marijuana use as certain patterns of use may put urban youth at greatest risk of specific, adverse sexual outcomes.
